We describe the expression pattern of mouse Sharp-1 (mSharp-1), a member of the basic helix-loop-helix (bHLH) family of transcription factors. mSharp-1 belongs to the Hairy/Enhancer of Split (E(Spl)) subfamily of bHLH factors that are key targets of the Notch signaling pathway and exhibits the highest sequence identity with Stra13. RNA in situ hybridization analysis from embryonic day 7.5 (E7.5) to E16.5 revealed specific expression of mSharp-1 in several developing organs during mouse embryogenesis. In early stage embryos (E8.5-E12.5), mSharp-1 is expressed in specific dorsal regions of the developing brain, the heart, the developing eye and olfactory system, as well as in the limb buds. At later stages (E12.5-E16.5), mSharp-1 is also expressed in the liver, prevertebrae, and the developing adrenal and thyroid glands. The diversity of its expression pattern suggests that mSharp-1 may regulate the differentiation of several cell types during vertebrate development. q
Results and discussion
Transcription factors belonging to the basic helix-loophelix (bHLH) family function as key regulators of embryonic development and differentiation in various species (Massari and Murre, 2000) . Members belonging to the Hairy/Enhancer of Split subfamily of bHLH factors, which include the vertebrate Hes genes, function as transcriptional repressors via interaction with the co-repressor Groucho. Recently, several additional members of this subfamily have been identified in various species. These include (i) mouse Stra13 which we isolated as a retinoic acid responsive gene (Boudjelal et al., 1997) , as well as its rat and human homologues Sharp-2 and DEC1, respectively (Rossner et al., 1997; Shen et al., 1997) ; (ii) a highly related gene Sharp-1 which was originally cloned from adult rat brain (Rossner et al., 1997) , and its mouse and human homologues mDEC2/hDEC2 (Fujimoto et al., 2001) ; and (iii) the more distantly related Herp/Hesr/HRT/ Hey/CHF/Gridlock family (Kokubo et al., 1999; Nakagawa et al., 2000; Leimeister et al., 1999; Chin et al., 2000; Zhong et al., 2000; Iso et al., 2001; Steidl et al., 2000) .
To identify genes related to Stra13, we screened a mouse embryo cDNA library and identified the murine Sharp-1 cDNA. Cloning and sequence comparison of the full-length cDNA indicated that it is the mouse homologue of Sharp-1 (henceforth referred to as mSharp-1) and identical to the recently reported mDEC2 (Fujimoto et al., 2001 ). Relative to the other members of the subfamily, Stra13 and mSharp-1 exhibit a strikingly high degree of sequence conservation, and share 96% identity within the bHLH domain. Unlike Hairy/E(Spl)/Hes genes, Stra13 and Sharp-1 lack the 'WRPW' domain necessary for interaction with the corepressor Groucho, and mediate transcriptional repression through distinct mechanisms that involve recruitment of the co-repressor histone deacetylase 1 (HDAC1) as well as direct physical interaction with the basal transcription machinery (Boudjelal et al., 1997; Sun and Taneja, 2000; Dhar and Taneja, 2001; Garriga-Canut et al., 2001) . The high degree of sequence conservation within the bHLH domain and the related mechanisms of transcriptional repression suggest that Stra13 and mSharp-1 define a novel subfamily of bHLH factors that possess unique functions and repress similar downstream regulatory targets. This is also consistent with our recent loss-of-function studies that have indicated different biological functions for Stra13 and Hes1 genes (Sun et al., 2001; Ishibashi et al., 1995; Tomita et al., 1999) . Since the embryonic expression pattern of mSharp-1 has Whole-mount in situ hybridization of developing mouse embryos from E7.5 to E12.5 using a mSharp-1 antisense riboprobe. The embryo at E10.5 shows staining for mSharp-1 in both proximal (white arrowheads) and distal sensory ganglia (black arrowheads). a, atrium; b1, branchial arch1; b2, branchial arch2; e, eyes; fb, forebrain; h, heart; l, limb; lb, limb bud; m, myotome; np, nasal pits; sn, spinal nerves; t, telencephalon; v, ventricle; wf, whisker follicles. Fig. 2 . Radioactive in situ hybridization analysis of mSharp-1 expression on sagittal sections of E12.5 embryos. Bright-field (left) and dark-field (right) views of the same section planes are shown; signal appears white on the dark-field views. See text for description of the transcript patterns. e, eyes; fb, forebrain; h, heart; li, liver; pv, prevertebrae.
not been reported in any species, we examined the timing and tissue distribution of mSharp-1 transcripts throughout mouse development by RNA in situ hybridization analysis. While mSharp-1 expression was not detectable at embryonic day 7.5 (E7.5), transcripts were seen in the developing forebrain and in heart at E8.5 (Fig. 1) . Wholemount in situ hybridization of mouse embryos at E9.5 revealed strong expression in the central nervous system in a dorsal domain, which included the telencephalon and the diencephalon. Expression was also seen in the telencephalic vesicles at E10.5 and E12.5 (Fig. 1) . Consistent with the whole-mount data, radioactive in situ hybridization of E12.5 sagittal sections revealed specific expression in the roof of the neopallial cortex, which forms the cerebral cortex (Fig. 2B) . The expression in the forebrain persisted until E14.5 (Fig. 3B ) and ceased by day E16.5 (data not shown). In addition, mSharp-1 transcripts were detected early on in sensory organs including the optic vesicles, as well as the nasal placodes (E9.5) and nasal pits (E10.5) that give rise to the olfactory and vomeronasal epithelium (Fig. Fig. 3 . Expression of mSharp-1 in the developing organs at E14.5 (A-H, sagittal sections) and E16.5 (I-L, sagittal sections; M-T, transverse sections). All sections are shown under bright-field (left) and dark-field (right) views. ad, adrenal gland; fb, forebrain; h, heart; l, lens; li, liver; nr, neural retina; ns, nasal septum; oe, olfactory epithelium; pv, prevertebrae; rpe, retinal pigment epithelium; t, proximal part of trachea; tg, thyroid gland; to, tongue; vo, vomeronasal organ. 1). The optic vesicles, which arise as outpocketings from the forebrain, give rise to the retina that consists of inner (neural) and outer (pigmented) epithelium. Expression in the optic eminence was observed at E9.5 (Fig. 1) and as the optic evagination continued, staining was localized around the inner layer of the optic cup, which eventually makes up the neural retina (Figs. 1 and 2D) . At E12.5 and at subsequent stages in the developing eye, the retinal pigment epithelium was labeled (Figs. 2D and 3D,N) and from E14.5 onwards, expression was also detected in the developing lens (Fig. 3D,N) . Consistent with the early expression in the nasal pits, at E16.5, abundant expression was seen in the olfactory epithelium and the vomeronasal organ (Fig.  3P) . At E9.5 mSharp-1 expression was detected in the first branchial arch while the second arch only showed a minimal signal (Fig. 1) . Subsequently, its expression was prominent in both the first and the second branchial arches at E10.5 and E11.5 (Fig. 1) when craniofacial differentiation proceeds with the maxillary component incorporating into the developing facial eminence and the mandibular component differentiating into the lower jaw. The cranial sensory ganglia were labeled at E10.5, and expression was additionally detected in spinal nerves at E12.5 (Fig. 1) .
Sharp-1 expression was detected at E8.5 and subsequent stages in the developing heart. mSharp-1 transcripts were detected in both the atria and the primitive ventricle (Fig. 1) . The ventricular and atrial expression of mSharp-1 was maintained at E12.5-E16.5 (Figs. 2F and 3F,J) with expression seen both in the myocardial and endocardial layers. At E10.5 and E11.5, mSharp-1 was also expressed in myotomes in a dorsoventral stripe, as well as in the developing limbs (Fig. 1) . At E11.5, mSharp-1 expression was stronger in the central region of the limb buds and at later stages, higher levels were seen in the interdigital mesenchyme and excluded from the digits (Fig. 1 and data not  shown) .
From E12.5 onwards, expression of mSharp-1 was detected in the liver (Figs. 2H and 3F, L) and in prevertebrae (Figs. 2F and 3H ). mSharp-1 transcripts were also detected in the developing adrenal gland (Fig. 3L) , the thyroid gland (Fig. 3T ) the thymus (data not shown) and the dorsal surface of the tongue (Fig. 3R) .
The widespread tissue specific expression of mSharp-1 throughout embryogenesis raises the possibility that this bHLH factor may play a role in the differentiation of several tissues.
Methods

RNA in situ hybridization
CD1 mice (Taconic, Germantown, NY) were interbred and embryos isolated at various stages. Noon of the vaginal plug appearance was considered as E0.5. Whole-mount in situ hybridization was performed on E7.5-E12.5 embryos as previously described (Taneja et al., 1996) . The plasmid p349 containing the PstI-SacI fragment of mSharp-1 cDNA in Bluescript pKS 1 was linearized with EcoRI and used as template to synthesize dioxygenin-labeled UTP probes by in vitro transcription using T7 RNA polymerase. A control (sense) probe was generated using T3 polymerase and SacII restriction of the same plasmid, and did not reveal any specific staining. Radioactive in situ hybridization of paraffin-embedded sections of embryos was performed using a 35 S-labelled probe derived from the same plasmid as described (Sassoon et al., 1988; Niederreither and Dollé, 1998) .
